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Applied Meteorology 


HE employment of weather information 

in meeting the operational problems of 
business and industry provided the theme for 
the First National Conference and Workshop 
on Applied Meteorology at Hartford, Con- 
necticut, on 28-29 October 1957. The ses- 
sions were attended by many of the nation’s 
top professional meteorologists and by many 
leaders of business and industry from all 
parts of the country. 

To provide the readers of Weatherwise 
with a better acquaintance of this vital sub- 
ject, the entire current issue has been de- 
voted to the activities of the conference. 


Four of the outstanding papers are repro- 
duced in the following pages. The entire 
program has been listed on pages 147-8 to 
show the full scope of the meetings. In ad- 
dition, the Professional Directory of com- 
panies engaged in the private practice of 
meteorology has been inserted on pages 
168-9. 

The Hartford conference and workshop was 
sponsored by the American Meteorological So- 
ciety and was under the immediate super- 
vision of the Connecticut Valley Branch of 
the AMS and the Hartford Chamber of Com- 


merce. 
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Program of the First National Conference and 


Workshop of Applied Meteorology 


Hartford, Connecticut—28-29 October 


Monday Morning, 28 October 


Address of Welcome, Richard B. Haskell, 
President, Hartford Chamber of Commerce. 


Opening Remarks, Dr. Robert D. Fletcher, 
President, American Meteorological Society. 


Weather Problems of Business and 
Industry I 


Chairman: Walter P. Knauss, Executive Vice 
President, Manufacturers Association 
of Hartford County. 


A Case of Applied Meteorology. Thomas S. 
Moorman, Maj. Gen., USAF, Air Weather 
Service, and Dr. Robert D. Fletcher, Director 
of Scientific Services, Air Weather Service, 
Washington, D. C. 


DuPont’s Tide and Storm Warning Service. 
Charles A. Evans, Organic Chemicals Dept., 
and George F. Collins, Engineering Dept., 
Wilmington, Del. 


Moisture Damage to Ships’ Cargoes. Norman 
L. Canfield, Chief, Climatic Analysis Section, 
National Weather Records Center, U. S. 
Weather Bureau, Asheville, N. C. 


The Aircraft Industry and Meteorology. Robert 
D. Roche, Manager, Systems Evaluation Dept., 
Lockheed Aircraft Corporation, Marietta, Ga. 


The Specifications of Climatological Probabilities 
for the Georgia Nuclear Aircraft Laboratories. 
Francis E. Courtney, Jr., Operations Research 
Specialist, Lockheed Aircraft Corporation, 
Marietta, Ga. 


Discussants: 


Capt. Howard T. Orville, USN (ret.), Con- 
sultant, Friez Instrument Division, Bendix 
Aviation Corporation, Baltimore, Maryland; 
Mr. Fred A. Young, Weather Advisor, Elec- 
tric Boat Division, General Dynamics Cor- 
poration, Groton, Connecticut; Dr. Richard W. 
James, U. S. Navy Hydrographic Office, Wash- 
ington, D. C.; Dr. John C. Freeman, Jr., Presi- 
dent, Gulf Consultants, Fairbanks, Texas. 
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Monday Afternoon, 28 October 


Luncheon: Cities Room. 


Speaker: Under Secretary of Commerce, Louis 
S. Rothschild. 


Toastmaster: Clifton M. Bockstoce, Manager, 
Pittsburgh Plate Glass Company, Hartford. 


Weather Problems of Business and 
Industry II—Hartford Room 


Chairman: Frederic A. Berry, Admiral, (Ret.) 
USN, Advisory Committee on 
Weather Control, Washington, D. C. 


Weather Problems of the Petroleum Industry. 
Forrest H. Blanding, Esso Standard Oil Com- 
pany, New York, N. Y. 

Using “Climatic Odds” to Estimate Fuel Oil Re- 
quirements. Loren W. Crow, Consulting Me- 
teorologist, Denver, Colo. 


Applied Meteorology in Public Utilities Company. 
Charles Pennypacker Smith, Supervising, Gas 
Supply, and Meteorological Engineer, Pacific 
Gas and Electric Company, San Francisco, 
Calif. and Francis J. Parsons, Jr., Senior Staff 
Meteorologist, Pacific Gas and Electric Com- 
pany, San Francisco, Calif. 


Meteorology as a Factor in Gas Load Dispatch- 
ing. John R. Murray, Murray & Trettel, Con- 
sulting Meteorologists, Skokie, IIl. 


Discussants: 


Mr. William T. Jebb, President, Hartford Gas 
Company, Hartford, Conn.; Dr. Woodrow C. 
Jacobs, Director of Climatology, Air Weather 
Service, Washington, D. C.; Mr. A. C. Hart- 
ranft, Chief Load Dispatcher, Philadelphia 
Electric Company, Philadelphia, Penn.; Mr. 
William J. Hartnett, President, Weather Cor- 
poration of America, St. Louis, Missouri. 


Monday Evening, 28 October 


Social Hour: Cities Room. 
Banquet: Hartford Room. 
Speaker: James B. Burns, President, National 
Business Aircraft Association. 
Toastmaster: Robert L. Carnahan, President, 
Connecticut Valley Branch, AMS. 
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Tuesday Morning, 29 October 


Applications of Meteorology in the Develop- 
ment of Nuclear Power and in Atmos- 
pheric Pollution—Hartford Room 


Chairman: Prof. E. Wendell Hewson, 
Dept. of Civil Engineering. 
University of Michigan, 
Ann Arbor, Mich. 


Meteorological Studies in Connection with the 
Development of Atomic Energy. Joshua Z 
Holland, Executive Secretary of the Advisory 
Committee on Reactor Safeguards, Atomic En- 
ergy Commission, Washington, D. C., and May- 
nard E. Smith, Leader, Meteorology Group, 
Brookhaven National Laboratory, Atomic En- 
ergy Commission, Upton, Long Island, N. Y. 


Meteorological Phases of Air Pollution Problems 
Associated with the Operation of the Hanford 
Works. Glenn R. Hilst, Manager, Atmospheric 
Physics, Physics and Instrument Research and 
Development Operation, General Electric Com- 
pany, Richland, Wash. 


Hanford Experience in Utilizing a Meteorologi- 
cal Staff in Connection with Atmospheric Pol- 
lution Problems. Dr. Paul F. Gast, Manager, 
Physics and Instrument Research and Develop- 
ment Operation, Hanford Laboratories, Gen- 
eral Electric Company, Richland, Wash. 


The Application of Wind Tunnel Model Tech- 
niques in the Solution of Industrial Air Pollu- 
tion Problems. Prof. Gordon H. Strom, Dept 
of Meteorology and Oceanography, College of 
Engineering, New York University, New York 
City, N. Y. 

A Practical Method for Estimating Dispersal of 
Atmospheric Contaminants. Dr. Harrison E. 
Cramer, Round Hill Field Station, MIT. 


Discussants : 


Dr. Leslie A. Silverman, Harvard University. 
School of Public Health, Boston, Mass.; Mr. 
Harry Moses, Radiological Physics Division, 
Argonne National Laboratory, Lemont, IIl.; 
Mr. Donald H. Pack, Meteorologist, Office of 
Meteorological Research, U. S. Weather Bu- 
reau, Washington. D. C: Mr. Reynold L 





Hoover, Manager of Health and Safety, Re- 
actor Development Division, Combustion En- 
gineering, Inc., Windsor, Conn. 


Tuesday Afternoon, 29 October 


Luncheon: Cities Room. 

Speaker: Prof. Henry G. Houghton, Head, Dept. 
of Meteorology, MIT, Cambridge, Mass. 
Present Position and Future Possibilities of 

Weather Control. 

Toastmaster: Reese H. Harris, Jr., Senior Vice 
President, Connecticut Bank and Trust Com- 
pany. 


Summary of Present Position and Future 
Outlook for Applied Meteorology 
Hartford Room 


Chairman: Vernon Crudge, Director, 
Munitalp Foundation, Inc. 
New York City, N. Y. 

Present Position and Future Possibilities of Short- 
Range Forecasting. Prof. Sverre Petterssen, 
Dept. of Meteorology, The University of Chi- 
cago, Chicago, IIl. 

The Outlook for Long-Range Weather Forecast- 
ing and Climatology. Prof. Jerome Spar, Dept. 
of Meteorology and Oceanography, New York 
University, New York City, N. Y. 

Operations Research Looks at the Weather Fore- 
cast. Jack C. Thompson, Office of Meteoro- 
logical Research, U. S. Weather Bureau, Wash- 
ington, D. C. 

Whither Applied Meteorology in the United 
States? Dr. Thomas F. Malone, Director of 
Research, The Travelers Insurance Com- 
panies, Hartford, Conn. 


Discussants : 


Mr Robert M. White, Atmospheric Analysis 
Laboratory, Geophysics Research Directorate, 
U.S.A.F., Boston, Mass.; Mr. Ward E. Duffy, 
Editor, The Hartford Times, Hartford, Conn.; 
Dr. Douglas L. Brooks, Director of Research. 
Naval Warfare Analysis Group, U. S. Navy 
Dept., Washington, D. C; Mr. John H. Mac- 
Millan, Jr., Chairman of the Board, Cargill, 
Inc.. Minneapolis, Minn. 





The Proceedings of the First National Conference and Workshop on Ap- 
plied Meteorology will be published and distributed to those who register at 


the conference. 


A limited number will be available for sale through the 


Connecticut Valley Branch of the AMS. 
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PERATIONS research is a procedure for 

making use of the “scientific method” 
in order to provide quantitative information 
for making operational decisions. While the 
logic of this approach undoubtedly has been 
apparent for many years, it was not until 
World War II that it developed as a sys- 
tematic method applicable to operational 
problems in general. Examples of attacks on 
specific industrial, agricultural, and military 
problems have been reported by a number of 
authors (1, 2, 3), and the application of 
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A mobile unit of the North American Weather Consultants of Goleta, California, raises balloons 
with meteorological and chemical equipment for low-level sampling in an air pollution study. 


Operations Research Looks at the Weather Forecast 


J. C. THompson, Office of Meteorological Research, 
U. S. Weather Bureau, Washington, D. C. 






















operations research in meteorology has been 
receiving increasing attention during the past 
few years. 

The approach to an operational problem 
involving the weather forecast should logi- 
cally begin with an analysis of the operation 
itself. As a rule, this will require obtaining 
information on the economic, psychological, 
or other factors which appear to be impor- 
tant to the decision, or decisions, which are 
to be made. This is not always an easy 
task; in many cases the most difficult part 
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of the problem may be that of finding out 
what criteria should be used in deciding upot. 
a course of action. 

In a discussion of the operational cri- 
teria which should be important in deciding 
whether or not to cancel a scheduled air- 
plane flight, Gringorton (4) has proposed 
that the net cost resulting from a cancella- 
tion should include such items as company 
overhead, cost of rentals, maintenance of 
idle equipment, and salaries of the airplane 
crew. The loss resulting from having the air- 
liner return to the point of departure, or 
divert to an alternate airport if the destina- 
tion is closed, should include overhead, sala- 
ries of the crew, cost of fuel and other ex- 
pendables, and loss of prestige and incon- 
venience from the passengers’ point of view. 
The latter item is typical of certain intangible 
factors which are extremely hard to evaluate 
quantitatively. Such parameters as customer 
satisfaction, good will, and psychological re- 
sistance to the acceptance of advice are all 
difficult to assess and to combine with the 
usual economic factors; yet their proper inte- 
gration into the decision process is at times 
crucial to the successful use of the weather 
prediction. 

The importance of psychological elements 
in the decision-making process is nowhere 
more clearly exemplified than in the case of 
warnings of disaster-type weather. Here, the 
decision must be based not only on the 
gravity of the impending disaster, but also 
upon the manner in which individuals and 
groups react to certain kinds of warnings. 
Williams (5) has pointed out that these fac- 
tors include such questions as: Will people 
panic as a result of a warning, thus incurring 
increased danger to themselves and others? 
If a warning is issued and disaster weather 
does not occur, will this affect their reaction 
to future warnings? On the other hand, if 
the warning does not stress the worst pos- 
sible contingency, will people fail to take ade- 
quate precautions? Unfortunately, there has 
been little or no systematic research on these 
questions. This, as Williams points out, is 
all the more unfortunate since these are typi- 
cal of problems which could profitably be at- 
tacked by modern survey research techniques. 

It should also be emphasized, perhaps, that 
the methods of operations research are par- 
ticularly appropriate only for operations 
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which, in whole or in part, are repetitive in 


nature. It is, in fact, this characteristic of 
most operations which makes them especially 
tractable when attacked by this method of 
analysis. Subject to the proper development 
and presentation of the weather forecasting 
information, operations research then pro- 
vides for the most efficient use of the weather 
prediction itself. 


THE WEATHER FORECAST 


Every meteorological forecast which is 
issued as a categorical statement of the fu- 
ture weather is subject to some uncertainty 
as to its outcome. This is, in fact, a com- 
mon characteristic of the predictive type of 
information involved in any decision-making 
process. The primary purpose of operations 
research is then to provide quantitative in- 
formation concerning the magnitude of that 
uncertainty, and to develop procedures for 
using this information effectively. 

The most useful quantitative measure of 
uncertainty is communicated through the lan- 
guage of mathematical expectancy—probabil- 
ity. Considered in all its aspects, the con- 
cept of probability is not simple. However, 
for practical purposes it is sufficient to con- 
sider the probability of an operationally criti- 
cal weather event as being equivalent to the 
percentage frequency of its occurrence. It is 
then possible to collect and classify weather 
data into forms suitable for computing such 
percentage frequencies. 

Perhaps the most familiar of these is the 
climatological expectancy. Here, it is only 
necessary to compute, for a sufficiently long 
period of record, the percentage frequency of 
occurrence of critical weather, perhaps sub- 
divided into seasons, months, or other incre- 
ments of the annual cycle. If it is then as- 
sumed that, in the long run, the probabilities 
so obtained will apply in the future, these 
data may be used to decide whether or not 
an operation which is affected by such weather 
may be worth carrying on. 

It must be admitted that, in the past, such 
decisions many times have been arrived at, 
not through such logic, but through bitter ex- 
perience. Yet climate is a major factor in 
dictating what crops may be grown profit- 
ably, what industries are suitable, and even 
what will be our living habits. In Florida 
and southern California, for example, the cli- 
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matological probability of freezing weather is 
so small that the use of anti-freeze in auto- 
mobile cooling systems is usually unneces- 
sary. Farther north in New England, how- 
ever, the occurrence of sub-freezing tem- 
peratures is so frequent each winter, that 
anti-freeze is normally purchased by every 
automobile driver during the fall months as 
a matter of course. 

Now the climatological probability, as de- 
scribed here, is useful only in prescribing 
whether it is desirable to take no protective 
measures at all (as in the case of automobile 
cooling systems in Florida); or whether pro- 
tection should be provided continuously for 
a certain period of the year (as is true of 
automobile radiators in New England). How- 
ever, in some situations it may be most effi- 
cient to take protective measures only when 
critical weather is anticipated, but not at 
other times. In some South Atlantic states, 
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Joseph Leedom, center, of Northeast Weather Service, Bedford Airport, Bedford, Massachusetts, 


for example, sufficient protection for auto- 
mobile radiators may be provided by insur- 
ing that the car is placed in a garage when- 
ever cold weather threatens. It is in such 
situations that the weather forecast may be 
most useful and the meteorologist called upon 
to provide probability estimates of critical 
weather based upon his expert evaluation of 
the meteorological information at his disposal. 

It is important to note that the forecaster’s 
probability estimates are not different in 
form from the climatological expectancy; nor 
is there any difference in the basic principles 
involved in their use for making decisions. 
The characteristic which differentiates the cli- 
matological expectancy from the forecaster’s 
probability is the additional information upon 
which the latter is based—information ob- 
tained from an analysis of the current mete- 
orological situation. Some writers (3) have 


described this process of improving the prob- 





telephones a highway construction client to expect two nights of hard freezes. Ralph Berry, left, 
and John Wallace, head of NWS, confer. 
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ability estimates by the addition of relevant 
information as that of increasing their “sharp- 
ness.” 

Probability estimates may be provided by 
the forecaster through a subjective analysis 
of the current meteorological situation. Such 
estimates are, however, affected by the fore- 
caster’s experience, his competence in evalu- 
ating the relative importance of various me- 
teorological variables, and even his psycho- 
logical approach to the weather forecasting 
problem. This means that considerable varia- 
tion may at times be expected in the prob- 
ability estimates attached to the same mete- 
orological situation by different forecasters. 

In order to eliminate, or at least alleviate, 
this difficulty, an engineering approach to 
weather forecasting has been making consid- 
erable progress during the past few years. 
These studies include graphical integration 
procedures (6), statistical stratification and 
or correlation methods (7), and numerical 
solution of simplified physical equations (8). 
All of these techniques have in common the 
desirable characteristic of objectivity; which 
means that human differences in training, ex- 
perience, and psychology do not affect the 
results. Not all of these objective forecast- 
ing methods provide explicit information con- 
cerning the magnitude of the uncertainty at- 
tending each prediction, but such probability 
data can always be obtained by the pro- 
cedure of analyzing past forecasts. 


PuBLic FORECASTING DECISIONS 


The problem of issuing forecasts for pub- 
lic use is complicated by the wide range of 
economic and other risks for which provision 
must be made. This means that a categori- 
cal decision which may be appropriate for 
one group of recipients may, in fact, be com- 
pletely useless for another group. 

Attempts have been made from time to 
time to provide for this contingency by issu- 
ing predictions directly in terms of prob- 
ability so that the decision-making process 
can be tailored by the recipient for his own 
operation. Such predictions have been in- 
augurated most recently by the Travelers 
Weather Research Center at Hartford, Con- 
necticut, and by the U. S. Weather Bureau 
in San Francisco, California. The logic of 
this procedure cannot be denied, and evi- 
dence from these latter experiments indicates 
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that an appreciable number of serious fore- 
cast users are able to benefit from this type 
of prediction. 

Even in these experiments, however, it has 
been recognized that a significant segment of 
the public, following an economically unsound 
but mentally less fatiguing policy of letting 
the forecaster make their decisions for them, 
will ignore the advantages of the probability 
forecast and will continue to require a cate- 
gorical statement of the expected weather. 
In order to fulfill this requirement, the fore- 
caster finds it necessary to compromise on a 
decision which he feels will, on the whole, be 
of the greatest public benefit. Unfortunately, 
however, both the definition of “greatest pub- 
lic benefit” and the manner in which it should 
be achieved are not clearly understood. Be- 
cause of the unquestioned difficulties involved 
in this problem, the forecaster not infre- 
quently, and quite understandably, makes a 
decision which will result in the least public 
criticism should his prediction fail. 

It seems clear that in this field, as in the 
case of the disaster-type warnings referred to 
earlier, additional research is needed. Such 
studies should include, not only the psycholo- 
gist, the economist, and the meteorologist 
working alone, but all three making a joint 
attack upon this problem. 


CONCLUSION 


As is true of almost all scientific endeavor, 
our efforts to advance the science of meteor- 
ology are primarily directed toward obtain- 
ing a better understanding of nature’s proc- 
esses. This emphasis is, of course, quite 
proper, not only for its own sake, but also 
because the observations and analyses of the 
atmosphere which are prerequisite to under- 
standing its properties also provide practical 
information required in many fields. 

Nevertheless, as we continue to advance 
the meteorological science, it becomes evi- 
dent that our increased ability to observe and 
analyze the atmosphere is not always accom- 
panied by a corresponding improvement in 
the skill with which we are able to predict its 
future course. As has been pointed out by 
Sutcliffe (9) “. . . it must be-admitted that 
a large proportion of our knowledge of the 
atmosphere, even of the new knowledge which 
forms an impressive total, has little prognostic 
value . . . weather forecasting makes but 
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slow progress in spite of the striking advances 
in meteorological science.” It seems evident 
that, for the foreseeable future at least, 
weather predictions will continue to be domi- 
nated by deficiencies and indeterminancies 
which will make their outcome to a greater 
or lesser degree uncertain. 

But while we may thus find it difficult to 
improve our forecasts through advances in 
the science, we may be able to increase the 
usefulness of the predictions when they are 
applied to the making of operational deci- 
sions. It is here that the field of operations 
research can make a valuable contribution. 

This article was abridged from the full ar- 
ticle published in the proceedings of the con- 
ference. 
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A weather map is analyzed in terms of a specific client’s problems by a meteorolorist of the 


Weather Corporation of America, St. Louis and New York City. 
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Operations research meteor- 
ologist, Francis E. Courtney, 
discusses a weather problem 
and its effect on the aircraft 
of the future with Robert 
D. Roche, Systems Evalua- 
tion Department Manager 
Photo by Lockheed Air- 
craft Corp. 


The Aircraft Industry 


and Meteorology 


RoBert D. Rocue, Lockheed Aircraft Corporation—Georgia Division, 
Military Operations Research Engineering Division, Dept. Manager. 


NE should not be surprised that mete- 

orology finds a niche in a business that 
builds airplanes. What is surprising is the 
width and breadth of the problems the mete- 
orologist uncovers. The logical starting point 
is long-range planning, or Operations Re- 
search. 


OPERATIONS RESEARCH 


Lockheed wants to build the aircraft which 
are best for its customers—military and com- 
mercial. Those aircraft are the ones that do 
the best job on a mission. To design these, 
an intimate knowledge of the mission, op- 
erational planning, the state of the art, and 
the cost must be available. By a scientific 
method of systems analysis, the many com- 
ponents of the problem are integrated into 
a composite answer—one that quantitatively 
describes the optimum system for the spe- 
cific job, or a new way of doing the job. This 
is Operations Research, and in Lockheed, this 
function is performed in the Military Opera- 
tions Research Engineering Division. A group 
of specialists representing the major scientific 
fields pool their talents to accomplish this 
long-range planning. 

A meteorologist plays an important part on 
the team. Weather is involved in every mis- 
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sion and air operation. As we push higher 
and higher into the stratosphere, and ap- 
proach space-flight, and as speed require- 
ments increase, the problems become increas- 
ingly complex. The meteorologist on the 
Operations Research team must anticipate 
the weather problem, define it in terms of 
the total analysis, and express his answer in 
the common denominator required by the 
complete systems evaluation. It is a unique 
brand of applied meteorology that demands 
initiative and ingenuity. 

Lockheed feels its greatest need for com- 
petent meteorological advice is in the Opera- 
tions Research function. It is here that the 
meteorologist makes his most important con- 
tribution to the industry. 

In this long-range planning function, the 
meteorologist is the sole authority speaking 
for his science. On the mixed team, he sits 
with status equal to that of the aeronautical 
engineer, the aerodynamicist, the economist, 
the mathematician, the physicist, the elec- 
tronics specialist. He must make his con- 
tribution in the common language of the 
team, and from the perspective of the total 
problem. He will seldom be asked questions. 
He must often pose them, and invariably an- 
swer his own questions. All of the work is 
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classified, and deals with the future. We are 
today, for example, in the 1965-75 planning 
era. Usually, working so far ahead in the 
future, the meteorologist finds books and even 
experience fall short of the desired solution. 
The problems are new and difficult. One has 
only to consider how close we are to space 
flight to appraise the magnitude of the at- 
mospheric problems facing us. 

This, then, from management’s point of 
view, is the outstanding contribution of a 
meteorologist in Lockheed: to anticipate the 
meteorological factors involved in aircraft 
missions of the future, and to solve these 
problems—so that the design concept will re- 
sult in a “best” airplane. 


ENGINEERING AND DEVELOPMENT 


The next step, engineering and develop- 
ment, is another of importance for the mete- 
orologist. Here his contributions are not so 
ephemeral, nor so futuristic. He may meas- 
ure his worth more readily. There are nu- 
merous fine points of aeronautical engineer- 
ing where an appreciation of the meteoro- 
logical factors may eliminate or alleviate a 
design problem. It may involve as complex a 
problem as statistical analysis of gust charac- 
teristics and occurrence for a particular mis- 
sion—or as simple a problem as standard 
atmosphere calculations or variations. In 


Lockheed’s Georgia Division 
factory, the world’s largest 
under one roof, has 77 acres 
of floor space. The assem- 
bly bay above shows the 
final lines for B-47 Strato- 
jet modernization and C- 
130A Hercules production. 
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this area, once a meteorologist has his shingle 
out, his phone will start ringing. The cus- 
tomers are aeronautical engineers who know 
their business, and a surprisingly large amount 
of yours. But they are good customers. 
There is untold opportunity here for the pro- 
fessional meteorologist to uncover new areas 
that need attention and to initiate meteoro- 
logical advisories that will simplify and as- 
sist the engineers in their design and devel- 
opment problems. 

Late in the engineering stage, an experi- 
mental airplane or prototype takes shape, and 
flies. Flight test begins, and another phase 
of meteorological assistance becomes possible. 
This may, indeed, be the testing phase of 
prior meteorological contributions. The me- 
teorologist may perform as a staff weather 
officer here, providing forecast and flight 
weather service to the Lockheed crews in 
first test flights. He may be called upon to 
establish meteorological limits of temperature 
or wind or pressure for static tests. Widely- 
varied, important, and interesting problems 
require the professional meteorologist to have 
a broad background and speak the language 
of engineers. 


AIRFRAME MANUFACTURE 


The next step in the life of an airplane— 
after research, engineering, and development 
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—is manufacture or production. Here, too, 
the meteorologist can assist. This area in- 
volves applications of industrial meteorology 
with which most weathermen are familiar. 
The control of manufacturing processes is 
often affected by meteorological conditions of 
temperature, humidity, pressure, and other 
elements. The experienced industrial mete- 
orologist has but to walk through the manu- 
facturing plant, along the assembly line, to 
see one operation after another that is ame- 
nable, in some degree, to improvement—in 
speed, cost, quality control—by meteorologi- 
cal analysis or advice. 
SALES ENGINEERING 

By this time, the assembly line is turning 
out the new product. But the meteorologist 
in the aircraft industry is not yet through. 
The airplane must be properly described for 
the customer—and its capability clearly illus- 
trated. It is surprising how helpful meteoro- 
logical data can be in describing to the cus- 
tomer the performance of the airplane for his 
particular operation. Most frequently this 
takes the form of effects of weather on opera- 
tional utility—cold weather /hot weather suit- 
ability tests, or mission profile analyses. Oc- 
casionally, existing climatic data suffices; 
more often, unique analyses are required. 
The meteorologist can help sell aircraft. 


SPECIAL FACILITIES 


The preceding comments deal with the uses 
for meteorology in the routine engineering 
and manufacture of aircraft. There may be 
special facilities in which meteorology serv- 
ice is absolutely imperative. The Georgia 
Nuclear Aircraft Laboratory at Dawsonville 
is an example of this. The routine operation 
of weather network and warning at such a 
special facility is a full-size job in itself. 
In many cases, nuclear facilities such as ours 
require meteorological control for certain re- 
actor experiments. The importance of de- 
pendable and accurate weather information 
can hardly be overestimated. 


Tue STATUS OF THE METEOROLOGIST 


This brief review has outlined for you the 
many areas in which a meteorologist can pro- 
vide valuable services to an airframe manu- 
facturer. It is appropriate to look at the re- 
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quirements and position of the meteorologist 
in the corporation. 
First of all, what does the Company look 


for in a meteorologist? If the primary con- 
tribution will be made in areas of Operations 
Research and long-range planning, the re- 
quirements are for a varied and lengthy ex- 
perience in several fields within the science 
of meteorology, to include a substantial por- 
tion of aircraft operational work. The more 
exposure the meteorologist has had to other 
closely related sciences—such as _ physics, 
electronics, aerodynamics, aeronautical engi- 
neering, mathematics—the better will he fit 
into the team work required of him. A large 
amount of initiative, imagination, and inge- 
nuity is necessary, and the experience record 
is examined for indications. One healthy in- 
dicator, always looked for, is research publi- 
cations by the meteorologist. It is desirable 
that he have public speaking capability, for 
as a staff officer, one of his biggest jobs will 
be selling his ideas and analyses. 

Once management has found their mete- 
orologist, how do they most effectively use 
him? I have mentioned the long-range plan- 
ning unit called Operations Research. In 
Lockheed, this is the most effective spot to 
place a specialist or a scientist whose duties 
are broad and carry him far afield. This 
places him in a division which reports di- 
rectly to a top management executive, in this 
case, the Chief Engineer. Normally, this 
provides him with considerable mobility and 
authority within the organization, and per- 
mits full exercise of initiative. The title con- 
comitant with this organizational location is 
hardly important. We feel the scope of the 
problems encountered make the individual 
more than a categorical meteorologist, and 
we prefer to designate him an Operations Re- 
search Specialist. 


THE PRESENT AND FUTURE 

This description of the status of the mete- 
orologist would hardly be complete without 
enumerating a few facts of life, which might 
be considered disadvantages by some in the 
meteorological profession. 

First of all, the meteorologist in the air- 
frame industry is a little fish in a big pool. 
His scientific field is but one of a dozen or 
more that are strongly represented. Indeed, 
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many of the others are so vital to the cause 
that meteorology may be in the shadows. 
The imbalance is probably greater than in 
many other industries which are represented 
here. This does not deprecate the science; 
it is a statement of fact that must be philoso- 
phically accepted by the meteorologist in the 
airframe industry. 

Secondly, the meteorologist is confined to 
applied science only. There is little room for 
pure research in this industry. Something 
has to roll out the factory door or the pay- 
roll will not be met. In the budget-conscious 
economy of today, man-hours must show a 
fairly direct relation to a present or future 
product to be acceptable. I have emphasized 
the word “pure” and imply a rigorous defi- 
nition of pure research; the acceptance of 
applied research is whole-hearted—in fact, it 
is demanded, in meteorology as well as in the 
other sciences. 

And a third item: the importance of the 
work and the difficulty of the problems com- 
bine to put the scientists in this industry 
under heavy and constant pressure. This in- 
cludes the meteorologist. The job is demand- 


The Lockheed flight line at Palmdale, California, shows two new jets. 
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ing, more than many others in the meteoro- 
logical field, but is comparably rewarding. 
What of the future of meteorology in the 
airframe industry? It is my opinion that the 
need will increase steadily, in proportion to 
the complexity and cost of weapon systems, 
and the requirements of the Armed Forces 
and also the commercial air carriers. As 
we move into the era where flight is super- 
sonic and stratospheric—whether manned or 
unmanned—whether propulsion systems are 
air-breathing or not—meteorology with over- 
tones of atmospheric physics will be called 
upon increasingly often to anticipate the in- 
terference of the atmosphere, to take advan- 
tage of meteorological factors in flight, and 
to contribute to the engineering and indus- 
trial production processes. As nuclear power 
for aircraft becomes a reality, a whole new 
area of meteorological problems arise—not 
only in the aircraft operation, but also in 
the laboratory ground facilities. There is no 
doubt that the need will be great. Whether 
it will be satisfied will depend upon the initia- 
tive and enterprise of our scientists. 
(Continued on page 176) 





At the left, the T2V-1 
SeaStar is a carrier-based trainer; at the right is the F-104B Starfighter, a new addition to the 
USAF jet-age arsenal. 
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The meteorological tower at 

the Hanford Works emits 

smoke to test the atmospheric 

diffusion pattern. Photos by 
M. F. Scoggins. 


Some Meteorological Problems 
in Nuclear Energy Production 


GLENN R. Hirst, Hanford Laboratories Operation, 
General Electric Company, 
Richland, Washington 


HE operation of large nuclear energy 

plants, such as the Hanford Works, al- 
most inevitably entails the problem of atmos- 
pheric pollution due to routine and non-rou- 
tine emissions of radioactive or toxic mate- 
rials. The present article emphasizes the 
meteorological factors important to the suc- 
cessful solution of this problem and describes 
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the meteorological program developed to cope 
with this problem at Hanford. It should be 
clearly recognized, however, that the nature 
of the materials emitted and the biological 
and botanical effects of these materials are 
equally important, and a successful solution 
is possible only when all of these factors have 
been correctly integrated. 
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THE Sources OF AIR POLLUTION 
AT HANFORD 


Three major types of facilities are operated 
by the General Electric Company in the pro- 
duction of fissionable materials at the U. S. 
Atomic Energy Commission’s Hanford Works. 
In the first, the fuel elements are prepared for 
irradiation. In the second, the fuel elements 
are irradiated in large nuclear reactors where 
uranium is converted to plutonium and a host 
of other isotopes, particularly fission prod- 
ucts, are produced. The irradiated materials 
are then sent to the chemical separations 
plants where the useful isotopes are separated 
and purified. 

Each of these facilities presents sources of 
atmospheric pollution. In fuels preparation, 
acid etching of fuel elements prior to cladding 
and the recovery of tailings and imperfect 
fuel elements give rise to acid mists and 
fumes which may be vented to the atmos- 
phere. This is a problem common to many 
chemical plants. 

The mammoth reactors which are operated 
at Hanford are water-cooled and for this rea- 
son much of the routine atmospheric pollu- 
tion associated with air-cooled reactors is 
obviated. Ventilation air from the reactor 
building does contain some radioactive ma- 
terial, which is emitted routinely through tall 
stacks. However, the major pollution prob- 
lem in these facilities is the potential for 
uncontrolled releases. Fortunately, we have 
had no experience which could define this 
problem exactly, but the large inventory of 
highly radioactive materials contained in one 
of these reactors makes the appraisal of po- 
tential pollution due to a reactor incident an 
extremely important part of the air pollution 
problem at Hanford. 

Since the irradiated fuel elements which are 
handled in the separations plants contain 
large amounts of radioactive materials, as 


well as some very potent poisons, the proc- 


essing of these elements gives rise to myriad 
possibilities for atmospheric pollution. The 
mere fact that these plants can be operated 
at all without injury to anyone is the high- 
est tribute to the men who designed and per- 
fected them. However, the potential for seri- 
ous atmospheric pollution is sufficiently high 
as to require constant vigilance and a con- 
tinual knowledge of the atmosphere’s capacity 
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to disperse these wastes. The most serious 
problems with regard to routine emissions at 
Hanford are associated with these separations 
plants. 

Against this background of the sources of 
atmospheric pollutants at Hanford, the con- 
tributions of our staff meteorologists can be 
divided into three separate but related 
services. 


METEOROLOGICAL CONSULTATION SERVICES 


When a new plant or facility is in the de- 
sign proposal stage, every effort is made to 
anticipate all of the functional problems 
which may arise in the operation of that 
plant. It is at this stage that the potential 
for atmospheric pollution from the new plant 
should be evaluated and design criteria es- 
tablished. Alterations of a facility after its 
construction is complete are always expensive 
both in cost and lost production time. 

At Hanford a senior meteorologist is a 
regular member of a team of scientists and 
engineers who evaluate the potential hazards 
due to possible routine and non-routine emis- 
sions from each proposed facility and estab- 
lish design criteria for that facility which will 
assure its safe operation. This meteorologist 
is called upon to estimate long- and short- 
term concentrations and dosages at various 
distances and directions from the plant site. 
These estimates are made for a variety of 
meteorological conditions and for various pro- 
posed plant sites, stack heights, building con- 
figurations, and types of emissions, e.g., con- 
tinuous or sudden emissions and hot or cold 
effluents. By working as an integral part of 
the hazards appraisal team, the meteorologist 
is able to exert an optimum useful effort in 
picking and choosing among the wide va- 
riety of possible plant locations and designs 
so as to assure the safest possible plant. 

The final design and location of the new 
plant quite naturally represent a compromise 
of all of the manifold requirements which 
must be met, and it is very likely that the 
optimum design from the meteorological view- 
point will not be met. But having worked 
directly with those who must finally decide 
how and where the plant will be built, the 
meteorologist knows why each decision has 
been made, has had every opportunity to in- 
form these people of the consequences of the 
selected design (so far as the meteorological 
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factors are concerned), and can advise them 
clearly as to what design criteria must be in- 
corporated on account of the meteorological 
factors. Generally, his assignment is com- 
pleted when the proposed plant has been com- 
mitted to construction. 

A similar procedure is followed when de- 
sign changes or alterations in the use of exist- 
ing facilities are anticipated. These problems 
arise quite frequently in the operation of a 
plant as large and diversified as the Hanford 
Works. Again the consulting meteorologist 
works very closely with the design engineers. 

It may be asked, “Why are these appraisals 
of the meteorological factors not made by the 
design engineers from accepted methods for 
estimating atmospheric diffusion and _trans- 





A remote wind station is an outpost in the Han- 
ford disaster warning service. 
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port?”’ The answer is quite simple; methods 
for estimating the diffusive capacity of the 
lower atmosphere have not yet reached the 
stage of development where reliable answers 
can be obtained by simple models or hand- 
book methods. This is an extremely com- 
plicated problem area and in the present state 
of knowledge reliable estimates can be ob- 
tained only by the judicious use of a variety 
of methods, and, what is even more impor- 
tant, assignment of reliable limits of uncer- 
tainty on these estimates requires a complete 
familiarity with the problems of turbulent 
diffusion. 


ADVISORIES ON THE DIFFUSIVE CAPACITY 
OF THE ATMOSPHERE 


There are two basically different approaches 
to the problem of effluent control of industrial 
wastes. These are: 

1. Recovery of all or a sufficiently large 
fraction of the waste materials at all times 
so as to assure safety under the most adverse 
meteorological conditions. This is the fa- 
miliar “closed loop operation” concept. 

2. Reduction of waste emissions, by either 
recovery processes or by direct control of 
plant processes, to safe levels in accordance 
with the current diffusive capacity of the at- 
mosphere. This method is generally identi- 
fied as “‘meteorological control.” 

The choice of containment or meteorologi- 
cal control is generally made during the de- 
sign stage and, if waste recovery is at all 
feasible, the choice is almost always for con- 
tainment. This choice is generally justified 
on the basis of plant operation without re- 
gard for variable meteorological conditions, 
thus permitting optimum use of the plant fa- 
cilities. However, there are two circumstances 
under which meteorological control is either 
required or is economically justifiable: © 1) 
when containment of noxious wastes is not 
physically possible and 2) when the cost of 
continuous full-scale recovery of wastes ex- 
ceeds the cost of recovering only that part of 
the waste material which is required for safe 
operation according to the current diffusive 
capacity of the atmosphere. Such economic 
justification is, of course, only one of several 
factors which must be considered in making 
a choice of disposal systems; but, given assur- 
ance of safe operation, it is natural to look 
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for the most economical system of pollution 
control at the source. 

The economic justification of meteorologi- 
cal control is, to the best of the author’s 
knowledge, an unexplored question. It is 
relatively easy to set down the criterion of 
profitableness, namely, that the ratio 


Net Cost of Partial Recovery 
+ Cost of Meteorological Advisories 


Net Cost of Total Recovery 


is less than one. The cost of waste recovery 
must include the cost of acquisition, opera- 
tion, maintenance, and depreciation of the re- 
covery equipment, the cost of storage or re- 
processing of recovered wastes, and the mar- 
ket value, if any, of these wastes. If waste 
recovery is not profitable, partial recovery, or 
full utilization of the atmosphere for waste 
disposal, can produce very real dollar sav- 
ings in plant operation since the atmosphere’s 
diffusive capacity varies through at least two 
orders of magnitude. In terms of waste re- 
covery operations, this means that the amount 
of material emitted per unit time may also be 
varied through at least two orders of magni- 
tude. Clearly each situation must be ap- 
praised on its individual merits, but, when 
approached from this viewpoint, meteorologi- 
cal control takes its place as an integral part 
of plant operations. 


A smoke plum spreads down- 
wind under the scrutiny of 
Hanford meteorologists. 
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Because of uncertainties in estimates of the 
diffusive capacity of the atmosphere, it is 
necessary to introduce safety factors in the 
meteorological advisories, the net result of 
which is to require greater recovery of wastes 
than is perhaps absolutely necessary. Insofar 
as the reduction of these safety factors lowers 
the net cost of either partial or total waste 
recovery, further researches into the processes 
of turbulent diffusion in the lower atmosphere 
are also economically justifiable. 

In order to provide complete meteorologi- 
cal advisory services to the separations plants, 
a full-time weather service is operated at 
Hanford. The meteorological parameters nec- 
essary for specifying the diffusive capacity of 
the atmosphere are derived from wind and 
temperature measurements taken from a 400- 
foot meteorology tower located near the sepa- 
rations plants. A professional meteorologist 
is on duty at this station at all times. His 
duties, of course, include considerably more 
than the preparation of diffusion advisories 
since this station is responsible for all weather 
forecasts, observations, and climatological 
summaries needed for the operation of the 
entire Hanford Works. 

Since our present knowledge of the rela- 
tionships between the meteorological parame- 
ters and the diffusive capacity of the atmos- 


(Continued on page 174) 
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Professional 


Weathermen 
Serve TV 


Francis Davis at Philadelphia's WFIL-TV 
is sponsored by the Bell Telephone Com- 
pany. 








A TV weather display prepared by Weather Engineers, Inc., of Sacramento, California, for the 
Pringle Tractor Company. 





meteorologist, James Fidler, provides “up-to-the-second,” radar-scope pictures for his 
Cincinnati area audience over WLW-TV 


MOURTAIN 


TEMPERATURE 


RAINFALL 


Oklahoma City’s popular weatherman, Harry A. Volkman, is carried by KWTV 











The author telephones the Chambers 

Works of the du Pont Company with 

the latest weather advisory. In the 

background are an Aerovane recorder, 

a microbarograph, and a Delaware Bay 
tide recorder. 


Du Pont Tide and Storm Warning Service 


GeEorcE F. CoLiins, Engineering Department, E. I. du Pont 
de Nemours & Company, Inc., Wilmington, Delaware 


HE du Pont Severe Weather Advisory 

Service began operation in November 
1953 with service to three Company loca- 
tions. This service was started when it be- 
came apparent there was a need within the 
Company for special weather information 
which was not available or available in only 
a limited fashion from the local U. S. Weather 
Bureau. 

Requests for weather information within 
the Company has steadily grown and the 
number of locations served in the last two 
years has varied from eight to twenty-one, 
depending primarily upon the number of ac- 
tive construction sites at any one time. Be- 
cause of the nature of the services offered, 
weather advisories have been limited with 
few exceptions to locations along the East- 
ern seaboard from South Carolina to New 
Jersey. 


PERSONNEL 


The du Pont Company employs four engi- 
neers who are professional members of the 
American Meteorological Society. These men 
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devote the major portion of their time to air 
pollution prevention activities or applied cli- 
matological problems. They also operate the 
weather office during severe weather. 


FACILITIES 


The Weather Advisory Service is a part of 
the Engineering Department and is located 
in the Louviers Building near Newark, Dela- 
ware, about 12 miles west of Wilmington. 
The weather office facilities include weather 
teletypewriters “A” and “C,” a microbaro- 
graph, “Aerovane” wind recorder, and tide 
recorder for Breakwater Harbor, Delaware. 
More will be said about the tide recorder 
later. Temperature and humidity are re- 
corded in a standard instrument shelter on 
the lawn of the Louviers Building. 

Precipitation is not measured, but records 
are available from a Cooperative Observer 
at the University of Delaware three miles 
distant, or from the Weather Bureau office 
at New Castle County Airport just south 
of Wilmington. Recently a private water 
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company near the Louviers Building has 
started keeping precipitation records. 

In addition to the above, several Company 
plants in the area keep weather records. 
Chambers Works, for example, keeps continu- 
ous records of wind, air temperature, sun- 
shine, precipitation, river water temperatures 
and Delaware River tides at Deepwater, New 
Jersey. 


CoMMUNICATIONS 


In the weather office itself are two un- 
listed telephones whose numbers are known 
only to clients. One of these telephones can 
be answered at six different locations in the 
Louviers Building. All Company plants in 
the Wilmington area, including Chambers 
Works, as well as New York and Philadel- 
phia, can be reached by telephone by direct 
dialing. The assistance of the telephone op- 
erator is needed on calls to more distant lo- 
cations. 

In the event a location cannot be reached 
by telephone, TWX service is available in a 
room adjacent to the weather office. 

In emergencies a Bell System radio tele- 
phone is available. 

When a severe weather advisory reaches 
the plant, key persons throughout the plant 
are notified by telephone or short wave radio. 
Some plants post the advisories on bulletin 
boards. 


FUNCTIONS OF THE OFFICE 


As stated earlier, the chief function of the 
Company weather office is to provide services 
which are not readily available from the local 
U. S. Weather Bureau office. 

Our primary emphasis is on severe weather 
advisories and not routine day to day fore- 
casts, although the latter are made on re- 
quest. Each plant has established what for 
it constitutes “severe weather.” At Cham- 
bers Works, for example, some of these limits 
are: 


Temperature below 25° F.—Protect certain 
process lines against freezing. 

Winds in excess of 25 mph—Suspend con- 
struction and maintenance activities on 
roofs and scaffolds. 

Tide 3 ft. above normal—Sandbag areas 
subject to flooding. 

Snow in excess of 2 in.—Clear plant roads 
and railroads. 
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The function of the Company meteorolo- 
gists is to keep the plant informed as far in 
advance as possible of these critical situa- 
tions. They should also follow through and 
notify the plant when these conditions are 
over. It is particularly important to notify 
the plant if there has been a change in the 
weather and the critical conditions will not 
occur. 

Arrangements can be made in some loca- 
tions to have the U. S. Weather Bureau 
notify the plant in cases of severe weather 
such as tornadoes, hurricanes, or floods. 
Priority of notification, however, is given to 
radio stations, newspapers, Civil Defense, 
local police and highway officials, American 
Red Cross and similar agencies. This is as 
it should be, but it means that industry is the 
last to be notified. 

By having a Company weather office, there 
is always a meteorologist available to discuss 
critical situations. The Company office also 
can take the initiative and keep plants posted 
of impending bad weather, thus relieving man- 
agement of that responsibility. 

Another service the Company meteorolo- 
gist offers is the ability to tailor the forecast 
to fit the particular plant location. A gen- 
eral forecast of abnormally high tides on the 
coast of Delaware or New Jersey, for exam- 
ple, does not necessarily mean that there will 
be abnormal tides at a plant up the Dela- 
ware River. The Company meteorologist has 
made a detailed study of his particular plant 
site and knows exactly what to expect with 
the different storm patterns. The Weather 
Bureau cannot be expected to make a spe- 
cific forecast for every little bay and inlet in 
its area. 


ROUTINE OPERATIONS 


It should be emphasized that the Company 
meteorologist is dependent upon the U. S. 
Weather Bureau, perhaps even more so than 
the average citizen. All the “raw material” 
for preparing weather advisories—the sur- 
face, upper air and ship observations—is 
collected and disseminated by the U. S. 
Weather Bureau teletypewriter circuits. A 
great wealth of information comes in over 
circuits “A” and “C” 24 hours a day. Vari- 
ous types of information for different geo- 
graphical areas are transmitted at a sched- 
uled time. Our weather office is usually 
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unattended, except in bad weather. For this 
reason time switches have been put on the 
teletypewriters to receive only the weather 
data we desire. 

One meteorologist is assigned primary re- 
sponsibility for following the weather for a 
week at a time. His daily routine runs some- 
thing as follows: 


8:15 A.M. Check for severe weather ad- 
visories or severe weather conditions 
on circuits “A” and “C.” 


Check U. S. Weather Bureau state and 
regional forecasts as received on Cir- 
an*..” 

Plot and analyze 500 mb. 
chart. 

Sketch surface analysis as made by 
Washington Office, U. S. Weather Bu- 
reau, on a blank map. 


upper-air 


If no critical conditions are expected at 
any Company locations during the day, 
nothing further is done at this time. 


12:00 Noon. Recheck circuits “A” and 
“C” for critical weather conditions. 





Late weather reports are received from “C” cir- 

cuit teletype by W. R. Chalker, left, and A. E. 

Boyer, meteorologists of du Pont’s engineering 
department. 
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4:45 P.M. Final check for critical weather 
conditions and set time clocks for 
night operation. 


If severe weather conditions appear to be 
developing, the meteorologist will plot and 
analyze several upper-air soundings and sur- 
face charts, sometimes on an hourly basis. 
Good use is made of the prognostic charts 
prepared by highspeed electronic computer 
at the Weather Bureau Analysis Center, 
Washington, D.C. The data for these charts 
are transmitted over circuit “C” in numeri- 
cal code. If need be, the meteorologist will 
seek the assistance of one or more of his col- 
leagues to keep clients continuosly posted. 
Night or weekend watches will be set up, 
if necessary, until critical conditions have 


DELAWARE RIVER TIDES 


One of the most interesting phases of our 
operation and one of vital concern to Cham- 
bers Works is the prediction of abnormal 
tides on the Delaware River Estuary. For 
several years Chambers Works has main- 
tained records of tides near the confluence of 
the Salem Canal and the Delaware River. 
It was long felt by plant personnel that, if 
they knew what the tide was doing at the 
mouth of the Delaware River, they would be 
in a better position to be prepared for ab- 
normally high water at Chambers Works. 

As subscribers to the Severe Weather Ad- 
visory Service, they turned to the Engineer- 
ing Department for assistance in this mat- 
ter. We learned that the Philadelphia Elec- 
tric Company was also interested in the 
problem and had been negotiating with the 
Scientific Services Division of the United 
States Weather Bureau in Washington for 
assistance. 

As a result of the severe hurricane season 
along the Atlantic Coast in 1955, the U. S. 
Weather Bureau received funds to institute 
the Storm Surge Project. In the Philadel- 
phia area cooperation between the U. S. 
Coast and Geodetic Survey, the U. S. Weather 
Bureau, the Philadelphia Electric Company, 
and the du Pont Company resulted in the in- 
stallation of a tide recording gauge at Ft. 
Miles, near the entrance of Delaware Bay. 
A leased transmission line operates recorders 
at du Pont’s Louviers Building, the Philadel- 
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phia International Airport, and the Philadel- 
phia Electric Company. 

More recently, Philadelphia Electric has 
also installed, on its own initiative, teleme- 
tering gauges at Reedy Point, Delaware, and 
Race Streets, Philadelphia. In conjunction 
with the Chambers Works tide gauge and 
the U. S. Geological Survey river stage re- 
corder at Trenton, New Jersey, it is now 
possible to obtain an instantaneous picture 
of the entire tidal pattern of the Delaware 
River from Breakwater Harbor to Trenton. 

To study further the problem of water lev- 
els on the Delaware, an informal group of 
interested parties has met several times to 
exchange information. This group includes 
representatives from all of the U. S. Weather 
Bureau offices in the area, the U. S. Geologi- 
cal Survey, the U. S. Corps of Engineers, 
Philadelphia District, the U. S. Coast and 
Geodetic Survey, the University of Delaware 
Marine Laboratory, the Delaware State High- 
way Department, the United States Steel 
Corporation’s Fairless Works, The Delaware 
Power and Light Company, The Philadel- 
phia Electric Company, and du Pont. Others 
interested in the river have been invited to 
participate. 


RESEARCH AND SPECIAL STUDY 


The telemetering tide gauge system has 
now been in operation for one year. During 
that year we have learned that predicting wa- 
ter level in a tidal river is far from simple. 
River stage due to upstream runoff, wind di- 
rection and speed, and astronomical tide all 
have to be combined to give the right answer. 

Du Pont has devoted its efforts to corre- 
lating winds at sea with tides at Breakwater 
Harbor, and also correlating tides at Break- 
water Harbor under different storm condi- 
tions with subsequent tides upstream at 
Chambers Works. 

Philadelphia Electric has superimposed on 
one chart tide traces from Breakwater Har- 
bor, Reedy Point, and Philadelphia. From 
these curves they are studying wave forms 
and arrival times at their locations in the 
Philadelphia area. 

The U. S. Weather Bureau, Philadelphia, is 
the government agency officially responsible 
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for predicting tides in the Delaware River 
Estuary. The Weather Bureau has attempted 
to separate the effect of upstream runoff from 
tidal effects in the area from Philadelphia to 
Trenton. The Bureau has also done some 
correlation of winds and tides in lower Dela- 
ware Bay. Much is still to be learned. It is 
hoped that the cooperative efforts of all in- 
terested parties as outlined above will bear 
fruit. 


ECONOMIC JUSTIFICATION FOR SERVICE 


The Severe Storm and Tide Warning Serv- 
ice has proved of value to Chambers Works. 
The present cost of service to them is low 
compared to the cost protection which can 
sometimes be avoided. The cost is also low 
compared to loss which might be incurred 
with inadequate warning. 

Even in a company the size of du Pont, 
there exists the problem of justifying a 
weather service to individual plants. A 
critical weather situation at a given location 
may occur only once a year or less. Under 
these circumstances, plant management is 
often reluctant to give financial support to 
the weather service. However, to provide for 
one severe situation, facilities have to be op- 
erated continuously throughout the year and 
the cost apportioned to the participating 
plants. This cost must be looked upon as 
an insurance premium. Periodic reevaluation 
of economic justification in light of experi- 
ence and current Company operations is re- 
quired. 





An upper-air chart is discussed by du Pont me- 
teorologists A. E. Boyer, foreground, and R. R 
Palmer, of the engineering department. 
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Northeastern Drought and Southwestern Hot Spell 
Feature an Otherwise Average Summer 


The mid-summer months of 1957, July and August, 
showed remarkable resemblances in circulation pat- 
terns and resultant weather occurrences. After a 
rather abnormal month of June, when the country 
was divided into distinct thermal compartments and 
many weather extremes were registered, the elements 
became more placid, producing a sixty-day period of 
flow patterns which were quite typical of the season. 

The temperature divisions in June had been in 
north-south zones: a warm West, a cool Great 
Plains, Missouri Valley, and upper Mississippi Va!- 
ley, and a warm East. July and August, however, 
reversed this distribution. From the Great Lakes 
eastward to New England it was a rather cool and 
pleasantly sunny summer. Temperatures also aver- 
aged below normal in the Southeast. But in the cen- 
tral valleys it was generally warm—very warm from 
North Dakota southward to Texas. and warmer than 
normal to the westward along the slopes of the 
Rockies and to the eastward as far as the Mississippi 
River. Though temperatures ran consistently above 
normal in the Plains, no monthly or seasonal rec- 
ords were set. In the Plateau and Northwest it was 
cool, but along the immediate California coast the 
mercury remained well above the July and August 
normals. At Los Angeles the temperature was above 
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Davip M. Luptum, Editor 


normal every day in July and it was the hottest 
August on record. 

The outstanding abnormality of the season ap- 
peared in the persistent drought condition which 
plagued the Atlantic seaboard from May until near 
the end of August. From Massachusetts southwest- 
ward to the southern Appalachian highlands, rain- 
fall deficiencies during the most important part of 
the growing season approached or exceeded all rec- 
ords. The results were far-reaching, with crops cut 
short, fie!ds failing to produce a second yield of hay, 
and reservoirs sinking to dangerous levels by sum- 
mer’s end. 

Elsewhere rainfall amounts approached or slightly 
exceeded the normals. The erstwhile drought area 
in the Great Plains received, for the most part, ade- 
quate moisture, and total crop yields were estimated 
as running close to the two banner years of 1948 and 
1955. The only area of continued longtime drought 
lay in south-central Texas where the three summer 
months brought, less than two inches of rainfall. 
But just to the west, in extreme southwestern Texas, 
the El Paso area reported excessive rains! Another 
area of excessive summer rainfall was Chicago, 
thanks to a 24-hour cloudburst on 12-13 July which 
dumped over six inches on that metropolis. 
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Departure of Average Temperature from normal 
in degrees Fahrenheit. USWB chart. 


JULY—A western trough - central ridge - eastern 
trough pressure regime prevailed throughout the 
month without any substantial break. The summer- 
type circulation established itself immediately after 
the passage of Hurricane Audrey northward from the 
Gulf of Mexico to the Lower Lakes in the last days 
of June. With none of the permanent features of the 
July upper-air maps exhibiting any unusual depar- 
tures from normal, the weather happenings of the 
month did not tend toward the spectacular. 

Air flow from the Pacific Ocean into the far West 
was generally from west-southwest under the influ- 
ence of the trough off the coast. Across the Plateau, 
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Total Precipitation in inches. 
USWB chart. 


the Rocky Mountains, and the northern and central 
Plains, upper winds streamed from the west in pass- 
ing through the warm anticyclone over central areas 
of the country. East of the Mississippi River the 
prevailing flow came from the northwest as the 
trough off the East Coast was approached. 

The center of the large anticyclone over the south- 
ern Plains throughout the month was usually found 
in the Oklahoma-Arkansas area, a position from 
which it could interdict the movement of any ap- 
preciable amount of Gulf air northward. Instead, 
the moist tropical air streams were forced to roam 
westward over southern Texas, New Mexico, and 


The upper-air map below shows the pattern of air flow for January at about 10,000 feet, on which 


the average weather largely depends. 
pressure level. 


Figures are in tens of feet: 1020 = 10,200 ft., 980 = 9,800 ft., etc. 


The contours lines represent the mean height of the 700 mb. 


USWB chart. 
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Arizona where the elevated terrain triggered heavy 
showers on several days. 

With no moisture from the Gulf of Mexico avail- 
able, with the prevailing air flow consistently from 
the dry interior, with not a single coastal storm to 
tap Atlantic moisture sources—it was a dry time 
along the Atlantic coast. The greatest sufferers were 
southeastern Massachusetts and Rhode Island, south- 
ern New Jersey and southeastern Pennsylvania, and 
the Del-Mar-Va peninsula and Chesapeake Bay en- 
virons. Another very dry area under the same cir- 
culation conditions showed up in western South 
Carolina and eastern Tennessee. All of these regions 
received less than 25 per cent of normal rainfall dur- 
ing the summer. At Providence, R. I., Philadelphia, 
Pa., and Washington, D. C., to name a few, the 
drought for the growing season period, 8 April to 
28 July, was the severest in the 85 years of Weather 
Bureau records. At Philadelphia only .65 inches fell 
in July, the lowest on record, and only .03 inches in 
August until the deluge of 3.36 inches on the 25- 
26th. 


AUGUST—The upper-air circulation pattern in 
August closely resembled the general distribution of 
the pressure contours in July, as is often the case. 
Month-to-month persistence of weather types is 
more frequent for these two months than for any 
other two consecutive months; thus climatologists 
may characterize the two mid-summer months as a 
unit with greater accuracy than any other sixty-day 
period in the year. The chief development from 
July to August saw a general intensification of the 
pressure troughs and ridges, and a resultant speed-up 
in air flow to make the month somewhat more in- 
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teresting from a meteorological point-of-view than 
its predecessor. 

The large polar vortex north of Alaska in July 
deepened and at the same time the trough off the 
West Coast of the United States pushed further 
southward as far as Lower California. Between 
these two barometric depressions, pressure was much 
above normal over northwestern Canada, and a con- 
necting ridge extended southeastward over the north- 
ern Plains to join with the semi-permanent anti- 
cyclone over the southern Plains. 

To the east of the enormous ridge, which spread 
in an arc from Alaska to the Gulf of Mexico, lay a 
marked trough off the East Coast of the United 
States, stretching from a cyclonic center over north- 
ern Quebec southward over Maine and thence to 
the Bahama Islands off Florida. Pressure every- 
where in the trough was well below normal, making 
it the dominant feature of the weather maps for 
eastern North America and the western Atlantic 
Ocean. A dry, northwesterly air stream flowed from 
the central ridge into the trough to continue and 
intensify the drought conditions which had held 
sway in the East since early May. Eventually, 
though, the trough served as the agency to break 
the long-cuntinued dry period. It moved westward 
for several days to the ridge of the Appalachians 
and on the 25-26th permitted copious amounts of 
Atlantic moisture to fall on the coastal plain from 
New England to the Carolinas. 

The charts of cyclonic and anticyclonic movement 
in August well illustrate the team work of the cen- 
tral ridge and eastern trough. The only weakening 
of its strength occurred on 8-10 August when tropi- 
cal storm Bertha formed in the west Gulf and 
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Departure of Average Temperature from normal 
in degrees Fahrenheit. USWB chart. 


moved into northeastern Texas. There was some 
minor cyclogenesis in the northern Plains, but fur- 
ther west no cyclonic center was able to enter the 
coastline. In the East cyclonic activity was gener- 
ally too far off the coast in the Atlantic trough to 
affect the mainland until mid-month. On the 18th 
a minor, but good rain-producing low moved 
through the Southeast and off Cape Hatteras. And 
on the 18th a larger disturbance affected the whole 
East Coast when the trough retrograded and gener- 
ated a low over Georgia. This moved up the coast- 
line as an excellent rain-producer, dropping as much 
as three inches on areas which had not seen that 
amount in a single storm since the preceding autumn. 

The movement of anticyclones from northwestern 
Canada provided the most important pressure travel 
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Total Precipitation in inches. 
USWB chart. 


of the month. Seven highs took a course southeast- 
ward through the area between Minnesota and James 
Bay in Canada, each accompanied by a strong push 
of polar air, to bring pleasant temperatures and 
humidities to the Great Lakes and Northeast. Two 
highs developed central pressures above 30.50 inches 
(1033 mb). In each week of the month some lo- 
cality from the Lakes eastward reported record- 
breaking date minima. 

An interesting feature of the month took place in 
the eastern Pacific Ocean west of Mexico where three 
tropical disturbances were spotted during the month 
along the southern periphery of the Pacific high. 
Only one of these moved northward, that of 11-15 
August, reaching within 400 miles of San Diego 
where it lost energy and dissipated. 
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Nuclear Energy Production 


(Continued from page 161) 


phere is by no means perfect, we also main- 
tain a sizeable research group within the 
Atmospheric Physics Operation at Hanford. 
This group is engaged in a program of re- 
search which is specifically directed toward 
the problem of atmospheric diffusion at Han- 
ford and the results of this work have im- 
portant consequences in our consulting serv- 
ices as well as in the improvement of our 
diffusion advisories. 


THE DISASTER WARNING SERVICES 


Although every conceivable precaution is 
taken against untoward large-scale releases 
of noxious materials, there is always the pos- 
sibility that such an event may occur. So 
long as such a possibility does exist, it is im- 
perative that the potential consequences be 
properly appraised and methods for alleviat- 
ing the damages be established. The prob- 
lems of potential radiological hazards have 
been discussed widely in connection with the 
construction of nuclear power stations and 
other peace time applications of nuclear tech- 
nology. Because the atmosphere provides a 
convenient vehicle for the transport of debris 
released in such an accident and largely con- 
trols the extent of damage due to this debris, 
the meteorological phase of this problem is a 
very important one. 

Our staff meteorologists work very closely 
with other specialists in the appraisal of po- 
tential hazards due to large-scale releases of 
noxious materials. These appraisals include, 
among other things, the definition of the 
probable airborne concentrations in the vi- 
cinity of the source, estimates of fall-out of 
particulates and isodosage patterns from air- 
borne contaminants, and probable trajectories 
of airborne materials for distances up to 200 
miles from the source. These data are nec- 
essary to the evaluation of potential damages 
and for the establishment of logical courses 
of action which can minimize these damages, 
particularly bodily harm to people. 

Of even greater importance than these haz- 
ards appraisal activities, however, are the 
preparations which have been made for 
prompt assistance in the event of a large- 
scale release. The first question which must 
be answered promptly is, “In which direc- 
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tion and how fast is the airborne material 


moving?’ Safe evacuation of personnel must 
be accomplished quickly and in a safe direc- 
tion. Simple extrapolation of the initial mo- 
tion of the airborne material is not possible 
in irregular terrain such as surrounds the 
Hanford Works. 

In order to answer this question, we have 
established a network of wind stations within 
and around the perimeter of the Hanford 
Works area. Up until now these remote sta- 
tions have been of the autographic type and 
the data from these stations have been ana- 
lyzed for regular patterns, which could be 
correlated with wind information and other 
data available continuously at the Meteor- 
ology Tower. This system has not been very 
satisfactory, and we are currently installing 
a radio-telemetering systern which will make 
the current wind data from all of the remote 
stations immediately available to the fore- 
caster on duty. These stations will also in- 
clude equipment for the measurement of 
radioactivity. With this observational sys- 
tem, advisories as to the motion of airborne 
contaminants and the presence of radioactive 
contaminants at any one of the station sites 
can be relayed to a control center without 
delay. 

The problem of long-range trajectories of 
airborne contaminants has been approached 
by way of a systematic analysis of hypotheti- 
cal trajectories computed from synoptic wind 
data collected from weather stations in the 
Pacific Northwest. These trajectories have 
been summarized with regard to the prob- 
ability that any point within 200 miles of 
Hanford would be affected by airborne con- 
taminants originating at this site. These 
summaries provide clear delineation of pre- 
ferred directions of travel and are extremely 
valuable in the concentration of any pre- 
release preparations which must be made. 
These calculated trajectories also serve as 
the basis for establishing reliable guides for 
forecasting probable trajectories at the time 
of a release. 


CONCLUSION 


The foregoing discussion of meteorological 
factors involved in the problem of air pollu- 
tion due to the operation of the nuclear en- 
ergy plants at Hanford highlights the many- 


(Continued on page 176) 
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The American Meteorological Society 


The objects of the American Meteorological So- 
ciety are “the development and dissemination of 
knowledge of meteorology in all its phases and ap- 
plications, and the advancement of its professional 
ideals.” The Society, a nonprofit organization, was 
organized at St. Louis, Mo., December 29, 1919, and 
incorporated at Washington, D. C., January 21, 
1920. The Society is affiliated with the American 
Association for the Advancement of Science and the 
National Research Council of the National Academy 
of Sciences. Activities of the Society include its pub- 
lications, national meetings and conferences, stand- 
ing and technical committees, local branches, and 
services available through the Office of the Executive 
Secretary. Through grant from the National Sci- 
ence Foundation, the Society is participating in the 
National Register of Scientific and Technical Per- 
sonnel. 


Officers 


President: Dr. Robert D. Fletcher, Director of Scien- 
tific Services, Air Weather Service, U. S. Air Force, 
Washington, D. C. 

Vice-President: Frederic A. Berry, Admiral (Ret.), 
U. S. Navy, Aerometric Research Inc., Santa Bar- 
bara Municipal Airport, Goleta, Calif. 

Secretary: Dr. Thomas F. Malone, Director of Re- 
search, The Travelers Insurance Companies, Hart- 
ford, Conn. 

Treasurer: Henry DeC. Ward, Vice-President, Eaton 
and Howard, Inc., Boston, Mass. 

Executive Secretary: Kenneth C. Spengler, Ameri- 
can Meteorological Society, 3 Joy Street, Boston 8, 
Mass. 


AMS Calendar, 1957-1958 


Omaha, Neb. 
Hartford, Conn. 
College Station, Tex. 
Indianapolis, Ind. 


General Meeting 


Science 
Annual Meeting 
General Meeting 


New York, N. Y. 
Kansas City, Mo. 
Washington, D. C. 
Logan, Utah 

Ann Arbor, Mich. 
Denver, ‘Colo. 
Miami Beach, Fla. 


Conference on the Upper Air 
Workshop on Applied Meteorology 


Seventh Weather Radar Conference 


8-10 October 
28-29 October 


13-15 November 
With the Association for the Advancement of 

26-31 December 

27-30 January 

25-27 March 
With the American Geophysical Union 5-8 May 
With the Pacific Division of the AAAS 16-20 June 
Conference on Engineering Meteorology 9-11 September 
Conference on Practical Problems in Meteorology 24-26 September 

18-21 November 





Nuclear Energy 


(Continued from page 174) 


faceted nature of this problem. An active 
program of meteorological services and re- 
search has done much to assure the safe op- 
eration of the Hanford Works in this regard. 
In view of the all-important role of the at- 
mosphere in dispersing airborne wastes, it 
would appear the contributions of the mete- 
orologists are an indispensable part of the 
successful solution of the atmospheric pollu- 
tion problem. However, the meteorologist’s 
role in this regard is as a qualified and re- 
sponsible member of a team of experts. Con- 
tinued researches into the nature of atmos- 
pheric diffusion and transport will greatly 
enhance the value of this member’s contribu- 
tion to the successful solution of the problem 
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of safe and economical use of the atmosphere 
for waste disposal. 





Aircraft Industry 


(Continued from page 157) 


These few comments were designed to de- 
scribe the activity of a meteorologist in the 
airframe industry, and his position with re- 
spect to management. Without design, the 
remarks have reflected the need of industry 
for competent scientific advice in all the re- 
lated scientific fields. This is indeed true, 
and worthy of a lengthy paper. The mar- 
riage of science and industry is a reality, and 
that it is a productive union cannot be 
doubted. Meteorology in the Airframe In- 
dustry is a case in point. 
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Statement on Detection, Tracking, and Warning of Tornadoes 


The American Meteorological Society has 
recently released the following statement: 

During the past few years there has been 
an ever increasing search for new or improved 
methods of forecasting severe local storms in 
the United States. Forecasting techniques 
have now been developed to the point that a 
positive forecast of tornadoes can be expected 
to verify in some portion of the forecast area 
about 50 percent of the time on a time range 
of six to twelve hours in advance. As a gen- 
eral rule, however, a forecast of severe local 
storms or tornadic conditions covers a much 
wider range in both time and space than is 
actually affected by the individual storm. 
For example, a tornado forecast can rarely 
be pinpointed, and usually covers an area of 
30,000 square miles or more, while the area 
of destruction from a single tornado rarely 
exceeds ten square miles. Research has 
pointed to the existence of small-scale pres- 
sure patterns during the onset of severe local 
storms which, if identified in time, might help 
reduce the size of forecast areas. However, 
the collection and analysis of information 
needed for timely identification of these pat- 
terns pose many difficult problems yet to be 
solved. 

Once the severe local storm forecast has 
been issued, the problem of issuing specific 
warnings for the general public becomes one 
of determining which particular thunderstorm 
cell within a given area will be the one that 
produces a tornado or a destructive wind- 
storm. In this connection there are three pri- 
mary tools at the disposal of the meteorolo- 
gist: the first of these is the actual report of 
a visual sighting of the tornado or other 
severe weather conditions. Based upon one 
or a series of reports, the path of movement 
of the tornado may be determined and the 
task of alerting communities in its path may 
be conducted more intelligently. The second 
tool is weather radar. Radar has proved to 
be extremely useful not only in detecting 
thunderstorms but under some conditions, 
especially with radar surveillance from air- 
craft, it is possible to identify those more 
severe conditions which contain hail and 
would cause severe turbulence for aircraft. 
If an actual sighting of a tornado can be as- 
sociated with a radar echo, the tornado can 
be tracked by radar continuously and thus 
facilitate the alerting of the communities in 
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its path. From ground radar indications 
alone, however, it still remains difficult at 
times to determine with certainty the type 
and severity of surface weather which is as- 
sociated with a particular rain echo. How- 
ever, when this is possible, telephone calls 
are placed to the locality of the echo-pro- 
ducing storm, requesting a visual check of 
weather conditions. On some occasions the 
radar has indicated the peculiar “figure-six 
shaped” echoes in association with an active 
tornado. Unfortunately, this feature seems 
to be observed only at short ranges and un- 
der ideal conditions. Other storm features 
such as height and radar echo intensity are 
now under investigation, and preliminary re- 
sults indicate that these characteristics should 
assist materially in identifying with ground 
radar potentially severe storms. 

A recent development in the detecting of 
severe weather has been in the utilization of 
sferics detection equipment. It is known 
that each thunderstorm produces an electrical 
discharge. The sferics equipment now in use 
apparently measures the frequency of occur- 
rence of this electrical discharge which has 
been found to furnish a rough correlation 
with the intensity of the storm. Such equip- 
ment measures only the direction of the storm 
from the detecting station and the approxi- 
mate location of the storm may be deter- 
mined by a triangulation technique utilizing 
three or more stations. To insure accuracy 
in the location of sferics-generating thunder- 
storms, radar is frequently used to supple- 
ment such data. Recent new developments 
in sferics equipment and techniques have in- 
dicated that the maximum of sferics activity 
may occur prior to the occurrence of tornado 
activity. 

Current investigations indicate that the 
time between maximum sferics and tornado 
activity may depend on the type of receiving 
equipment. The observation of high sferics 
activity, therefore, should be of assistance in 
the preparation of short-range warnings of 
developing storms. 

The results of current research with elec- 
tronic equipment hold considerable promise 
of potential improvements in facilities for 
alerting the public to the probability of im- 
pending storms and a further saving of lives 
and property is to be expected. 
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WEATHER DIALS 


Wind Speed and Direction « 








Temperature °¢ 





Barometric Pressure ¢ 


Humidity « 





Precipitation ¢ 


A set of six matching dials indicate indoors the outside temperature, humidity, 
wind speed, wind direction, barometric pressure, and rainfall. Each dial has an 
inner face, eight inches in diameter, which contains white graduations on a black 
background. Moving pointers are red for clarity. The outer black bezel is 13” 


wide and contains large numerals and lettering. 





No. 964-1. Wind Indicating System..... ...-.-. $1,122.00 

SN No. 966-2. Pressure Indicating System..... . ‘aes $406.00 
[x )/ No. 965-3. Temperature Indicating System. $733.00 
WA No. 967-2. Humidity Indicating System............. $818.00 
No. 968-4. Rainfall Indicating System. . $675.00 


Write for full catalog 
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NOW YOU CAN CHECK RELATIVE HUMIDITY 
ANYWHERE—NO SLINGING OR WHIRLING 





This brand-new Bendix-Friez Psvchron gives vou extremely 
accurate relative humidity and dew point information 
with just the flick of a switch. It is a battery-powered 
portable psychrometer designed and manufactured to meet 
rigid U. S. Weather Bureau specifications. 

Unlike ordinary sling psychrometers, the Bendix* Psy- 
chron requires no whirling or special technique to operate. 
Three standard-size flashlight batteries power a tiny fan 
that draws air over wet and drv bulb thermometers at a 
rate exceeding 15 F.P.S. As a result, the Psvchron can be 
safely used in close quarters. It has a special thermal shield 
to avoid radiation effects for use in bright sunshine and 
built-in illumination for use in dark or poorly lighted areas. 

Order direct from us or through our nearest dealer. For 
further information write: Bendix-Friez, 1412 Tavlor Ave., 
Baltimore 4, Maryland. REG 


PAT. PEND. 


Price includes metal 
corrying case, nylon 
neck strap, psychro- 
metric slide rule, 
l-oz. plastic water 
bottle and instruc- 
tion book 

ing humidity 

dew point tables. 
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